Clinical and public health decisions should be made based on findings from scientific research. The evidence that is available for decision-making is generally that which has been published. However, publication bias has been recognized as a serious problem in medical and health-related research. 1,2 If those studies that are published are a biased sample of all studies that have been conducted, then the validity of any inferences that can be drawn is threatened.
very different results and such studies can be easily conducted and abandoned. Thus, it has been argued that publication bias poses a particular problem for studies of test accuracy. 5, 6 This is because data regarding test accuracy is often collected as part of routine clinical care, and in the absence of any registration process for attempted evaluations. Hence, one might expect reviews of such studies to exaggerate the summary estimate of test accuracy if publication is related to the positivity of results. Despite the great potential for publication bias in diagnostic test research, empirical studies about publication bias have mainly focused on studies of treatment effect. 7, 8 In this paper, we examined methods used to deal with dissemination bias in a sample of meta-analyses of studies of diagnostic tests. We also used funnel plot and related statistical methods to empirically assess the risk of publication bias in this literature.
Methods

Identification of meta-analyses of test accuracy
Systematic reviews included in the Database of Abstracts of Reviews of Effectiveness (DARE) up to December 1999 were examined to identify systematic reviews of diagnostic test. The DARE database, produced by the National Health Service (NHS) Centre for Reviews and Dissemination in York, includes systematic reviews which are identified by regular and extensive literature searches, including: electronic searching of a large number of bibliographic databases, hand searching of key major medical journals, and by scanning grey literature since 1994. To be included in the DARE database, a review has to meet at least four of the following six criteria: well-defined review question, appropriate literature search, explicit criteria for including primary studies, validity assessment, presentation of study details, and appropriate synthesis of study results. 9 Two independent reviewers assessed the relevance of identified systematic reviews of diagnostic studies. Systematic reviews of diagnostic test were deemed relevant if they contained metaanalyses with five or more primary studies of test accuracy and provided sufficient data for 2 × 2 tables of a binary test result versus a reference standard. Reviews addressing test development and diagnostic effectiveness or cost effectiveness were excluded. Disagreements about selection were resolved by consensus or using arbitration by a third reviewer.
Data extraction
From each included systematic review, one author extracted details of the literature search used, language restrictions in study selection, and assessment of risk of publication bias. Data were also extracted to generate 2 × 2 tables for estimating accuracy of diagnostic tests. Since a systematic review may assess more than one diagnostic test versus the same reference test, this generated more than one meta-analysis data set in several reviews. All extracted data were double-checked by a second author.
Statistical analyses
A commonly used method for detecting publication bias employs a graphical plot of estimates of effect versus some measure of their precision for each of the primary studies in a metaanalysis. The plot is known as the 'funnel' plot because studies of smaller size will have a wider distribution of results than studies of larger size, due to a higher degree of random variation. 3 If the possibility of publication is greater for larger and more positive studies, the smaller negative studies may not appear in the literature. This may lead to asymmetry in the funnel. Thus an asymmetric funnel plot in meta-analysis suggests the existence of publication bias, although other alternative explanations should also be explored.
There is no universally accepted measure of test accuracy in meta-analyses of screening and diagnostic data. 10 Studies of test accuracy often summarize their findings as sensitivity, specificity and predictive values. Sensitivity and specificity are often inversely related depending on varying test thresholds. 11 Therefore, it may not be appropriate to combine estimates of sensitivity or specificity separately in meta-analysis. 5 
The interpretation of d values is similar to that of the log odds ratio (or diagnostic odds ratio), which measures the discriminative ability of a diagnostic test by considering both sensitivity and specificity simultaneously. Diagnostic d values that are significantly greater than zero indicate discriminative ability. The larger the d values the more accurate the test.
In this paper, we assessed the possibility of publication bias in meta-analyses of test accuracy by examining asymmetry of funnel plot of estimates of diagnostic d against corresponding precision. The informal examination for asymmetry of funnel plot is subjective so that the same graph may be interpreted differently by different observers. 12 Therefore, we formally evaluated asymmetry of funnel plots by using three statistical approaches described below.
Begg's method
The adjusted rank correlation method was used to assess the correlation between test accuracy estimates and their variances. 13 The deviation of Spearman's rho values from zero provides an estimate of funnel plot asymmetry. Positive values indicate a trend towards higher levels of test accuracy in studies with smaller sample sizes.
Egger's test
To determine whether there is an association between test accuracy estimates and their precision, regression analysis was conducted by using the following equation: 7 
In this regression equation SND is the standard normal deviate defined as diagnostic d divided by its standard error SE(d); a is the intercept and b the slope. The intercept value (a) provides an estimate of asymmetry of funnel plot, with positive values (a Ͼ 0) indicating a trend towards higher levels of test accuracy in studies with smaller sample sizes. Unweighted regression analyses was conducted in this paper.
Trim & Fill method
A rank-based data augmentation technique was used to estimate the number of missing studies and to produce an adjusted estimate of test accuracy by imputing suspected missing studies. 14 Both random and fixed effect models were used to assess the impact of model choice on publication bias. The adjusted estimates indicate if the estimates of test accuracy based on simple meta-analysis are biased due to funnel plot asymmetry. We computed the difference between unadjusted and adjusted accuracy estimates. Positive values indicate a trend towards overestimation of diagnostic accuracy due to missing studies.
Results
The DARE database contained 1110 abstracts of reviews at the time of this study. The initial scanning of DARE abstracts generated 95 systematic reviews that were potentially relevant. After independent examination of the full publication, 59 systematic reviews of test accuracy were identified. Of these, 20 systematic reviews of test accuracy met the criteria for inclusion. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Among these reviews there were a total of 28 metaanalyses, which were assessed for asymmetry of funnel plot.
Literature search and consideration of publication bias
As shown in Table 1 , the most commonly employed search strategy used the MEDLINE database (all 20 systematic reviews) supplemented with checking the reference lists of retrieved studies (all but three). Only six reviews included searched an additional electronic database (EMBASE, SCI, or Current Contents); four contacted experts or authors; and two conducted some form of hand searching to identify relevant studies. Only two reviews stated that no language restrictions were employed; 12 had language restriction (11 to English only) and six did not specify this issue. None of the reviews assessed publication bias as part of data synthesis, although four considered the possibility of its existence in the discussion section of the paper.
Asymmetry in funnel plots
The rank correlation analysis (Begg's method) of funnel plots indicated that smaller studies tend to report better test performance in general. Of the 28 meta-analyses, 23 showed a positive correlation between test accuracy and variance, though this relationship was statistically significant in only six metaanalyses ( Figure 1 ). Similarly the linear regression analysis (Egger's method) also indicated a general trend towards asymmetry of funnel plots with smaller studies tending to have better test performance. Of the 28 meta-analyses, 25 showed positive intercept values with statistical significance in 12 analyses. The Trim & Fill analysis using random effects model suggested that 17 of the 28 meta-analyses had missing studies. In seven metaanalyses, the estimated number of missing studies was greater than three, which suggested that the number of missing trials was significant. 14 The test accuracy estimates would have been more conservative had the missing studies been identified and included in the review. This general trend was not altered by use of a fixed effect model.
According to the results of the Trim & Fill analysis, the value of diagnostic d has been overestimated by 21-30% in two metaanalyses, by 11-20% in seven meta-analyses, and by 5-10% in six meta-analyses. Given a diagnostic d of 2.0, a specificity of 90.0% corresponds to a sensivity of 80.7%. If this diagnostic d is overestimated by 25% (from 2.0 to 2.5), the corresponding sensitivity will be increased from 80.7% to 91.2%. However, the adjusted results produced by the Trim & Fill method are not intended to give a 'better' estimate of test performance, but they can be used as a form of sensitivity analysis for estimating the likely impact of bias on the meta-analysis. 8, 14 Funnel plot asymmetry and efforts to minimize publication bias Table 2 shows the results of exploratory analyses of funnel plot asymmetry and efforts to minimize publication bias in reviews. These results should be interpreted with caution because they were based on a small number of meta-analyses.
There was a general trend that the fewer the literature databases searched, the greater the funnel plot asymmetry in metaanalyses, according to Begg 
Our data revealed no consistent association between funnel plot asymmetry and language restriction in reviews (Table 2) . On the other hand, results from all the three methods suggested that funnel plot asymmetry tended to be greater in metaanalysis that included smaller number of primary studies ( Table 2) .
Discussion
In systematic reviews, a thorough literature search is crucial to identify all relevant studies, published or not. The search of electronic databases alone is seldom sufficient and should be supplemented by checking references of relevant studies and contacting experts or organizations. 35 Moreover, systematic reviews should not restrict inclusion of studies according to language of publication due to possible language bias. 36 However, in the sample of reviews assessed, there is a general lack of consideration of appropriate literature searching to minimize possible publication and related biases. Tentative results in our study (Table 2) indicate that comprehensive literature search may reduce publication and related biases.
Because even a thorough literature search may not completely eliminate the risk of publication bias, formal assessment of such a risk should be incorporated into reviews' analyses, conclusions and recommendations. 37 However, a vast majority of the reviews in our sample did not assess the possibility of publication bias. The impact of the possible publication bias has not been considered even in meta-analyses that showed asymmetric funnel plots (statistically significant in 6 of 28 according to Begg's methods and in 12 of 28 according to Egger's method).
The results of the three different statistical methods we used in the paper consistently showed that in a large proportion of the 28 meta-analyses evaluated, the smaller studies were associated with greater test accuracy. However, the number of meta-analyses in our sample is small (n = 28), and our findings need to be confirmed by further research in a large number of meta-analyses. Moreover, this paper has other methodological limitations that are discussed below.
First, the included meta-analyses of test accuracy were obtained from one database (DARE). Although the DARE database is based on the results of extensive literature searches conducted since 1994, it is not exhaustive and some eligible meta-analyses may have been missed. Since systematic reviews included in the DARE database have to pass certain methodological criteria, the problems identified based on our sample might become worse if all relevant meta-analyses published in the whole literature had been considered. Second, an asymmetric funnel plot can only reveal the existence of 'small-study effects' 38 that may be due to publication bias or other factors such as variations in test procedures, patients, reference standards, study design quality, and chance. 39 For example, diagnostic studies with methodological shortcomings tend to overestimate the accuracy of a diagnostic test. 40 However, in this paper we are not able to separate the impact of publication bias from other factors on the observed asymmetry in funnel plots, because of lack of data and other resources. Future research is required to explain why smaller studies tended to report better test accuracy.
Finally, different methods may provide different statistical results for funnel plot asymmetry in a meta-analysis, although Thus there may be no statistical method that is a superior remedy for assessing publication bias than another, and any method used in meta-analysis for detecting publication bias is by nature indirect and exploratory. 2 The systematic reviews analysed in this paper generally contained meta-analyses with a small number of primary studies. The median number of studies per meta-analysis was 13 (range 9-59), and in our analysis the power of the statistical methods, in particular the rank correlation test, is perhaps not sufficient despite the use of a more liberal threshold for statistical significance (P Ͻ 0.10). It seems more appropriate to emphasize the direction and the size of estimates of funnel plot asymmetry, rather than the statistical significance. Although statistical significance was only observed in a small number, a negative relationship between test accuracy and its precision was observed in an overwhelming majority of the included metaanalyses ( Figure 1 ). Hence, we are able to identify a general trend towards higher estimates of test accuracy among smaller diagnostic studies.
The appearance of the funnel plot may depend on the measures used to summarize the results of primary studies. 43 However, it is unlikely that the overall picture observed in our study will change if the test accuracy is measured by using different methods. Diagnostic d and odds ratio are the two methods available to obtain one single estimate of diagnostic accuracy for individual studies. In fact, use of log odds ratio instead of diagnostic d will produce the identical results of statistical assessment of funnel plot asymmetry. In addition, variance and the inverse of standard errors have been used to measure the precision by different methods in this study, and the overall conclusion is consistent according to the results of the different methods.
Our finding of funnel plot asymmetry in meta-analyses of test accuracy is generally consistent with other empirical studies. 7, 8 Interestingly, comparison of our results with those of other empirical studies shows higher funnel plot asymmetry in metaanalyses of test accuracy than effectiveness literature (Table 3) . While this comparison is not statistically and methodologically robust, it does provide credence to the hypothesis that publication bias may be more prevalent among studies of test accuracy.
In summary, future research is required to explain why smaller studies tend to report better test accuracy in so many meta-analyses. Although publication and related biases may not be the sole answer, the existence of such bias should be seriously considered. Ideally all primary studies of diagnostic tests should be prospectively registered in publicly accessible databases. All relevant sources of literature should be systematically searched, and the impact of possible publication bias should be assessed in systematic reviews of diagnostic studies. If the impact of publication bias cannot be ruled out, findings of literature reviews of diagnostic test accuracy should be interpreted with caution.
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KEY MESSAGES
• Empirical evidence from a sample of 28 meta-analyses of diagnostic accuracy suggested that smaller studies tended to report greater test accuracy.
• The observed 'small-study effects' may be at least partially due to publication and related biases.
• Exploratory analyses indicated that comprehensive literature search may be associated with less funnel plot asymmetry.
